The European Strategy regarding plant protection products encourages the research for solutions which strongly contribute to the agro-ecological transition. They should be able to provide effective and efficient products for both farmers and consumers, reducing the pesticides use. Previous studies reported that extracts prepared from different plant species are capable of inhibiting in vitro development of fungal phytopathogens. The aim of this research was the study of the antimicrobial activity of a plant protection formula composed by a mix of plant extracts. The final scope was establishing a proper treatment timing strategy for controlling primary infections. Therefore, the effectiveness of the mixed formula containing Humulus lupulus and Urtica dioica against Alternaria sp., the cause of early blight attacking several vegetable species, was studied. Experimentation plan was performed using standard methods for antimicrobial testing. The potential and limitations of plant extracts used to control early blight were discussed. The results obtained have potential practical applicability and are directed to the development of environmentally viable solutions for the design of bioproducts for plant protection. Better knowledge on this topic will help optimizing crop protection strategy, ensuring sustainable agricultural development.
Introduction
Plant fungal pathogens are the cause of important loss in horticultural production worldwide. There are numerous studies reporting the occurrence and methods of control and treatment for diseases like late blight of potatoes of tomatoes, ergot of rye and wheat, damping off seedlings for vegetables, rusts, downy and powdery mildews, brown spot etc., all causing severe damages to agricultural production. It is considered that most of the plant diseases (more than 80 %) occurring in agricultural and horticultural systems are triggered by plant fungal pathogens or fungal-like organisms (Agrios, 2009 ).
The introduction of synthetic fungicides in agricultural practices reduced the negative impact of many plant fungal diseases and increased the overall yield (Shuping et al., 2017) , so it can be concluded that they have effectively done their work in controlling fungal disease, over the decades. Unfortunately, using them repeatedly has resulted in development of fungal resistance and disrupted natural biological systems triggering undesirable effects on non-target organisms (Yoon et al., 2013) . Since the 1970s, farmers observed the emergence of pathogens resistance against fungicides (Shuping et al., 2017) . Therefore, aiming to find novel crop protection solutions, studies regarding the possible exploitation of biomaterials such as natural pesticides were performed ( Yoon et al., 2013) .
The EU set rules for sustainable use of pesticides towards reducing the risk and impact of pesticide use on people's health and the environment through Directive 2009/128/EC. The present European recommendations regarding the plant protection products encourages research for solutions which can contribute to the agro-ecological transition, thus providing effective and efficient products for both farmers and consumers and reducing the use of synthetic fungicides. Plant protection products should contain at least one approved active substance, including microorganisms, pheromones and botanical extracts.
Plant extracts and microbial cultures serve as sources of various biologically active compounds, including biofungicides (Arsene et al., 2015) , with potential to suppress the development of plant diseases. Testing these extracts for their activity against the pathogenic fungi attacking horticultural crops represents a promising research direction, as broad-spectrum biopesticides can be developed. (Rodino et al., 2014) .
The aim of this paper was the study of the antimicrobial activity of a plant protection formula composed by a mix of plant extracts, for establishing a proper treatment timing strategy for controlling primary infections. The effectiveness of the mixed formula containing Humulus lupulus and Urtica dioica against Alternaria sp., the cause of early blight attacking several vegetable species, was studied.
Materials and methods

Preparation of antimicrobial solution
The antimicrobial solution tested represented a mix formula of the following plant extracts: Humulus lupulus female inflorescences and Urtica follium. The plant material was collected from agricultural fields in Southern part of Romania. The single plant extracts were obtained by ultrasonication (for 30 minutes, power 34 watts, 35 °C) followed by 24 h maceration. The solvent used for extraction was ethanol 70 %. The ratio between dried plant material (powder) and solvent was 1:5. The extracts were filtered through Whatman No 1. filter paper and the combined filtrate was concentrated to dryness by rotary evaporator. For the antimicrobial tests, the desired dilutions were prepared by dissolving with sterile double distilled water.
Inoculum preparation
Pure cultures of Alternaria sp. were maintained on PDA slants and stored at 4 °C throughout the study period. Fresh culture was maintained on potato dextrose agar (PDA) amended with 250 μg mL -1 chloramphenicol, for 10 to 14 days at 20 ± 2 °C. 10 mL of sterile distilled water was added to each Petri-dish containing a culture of Alternaria sp., colonies were scrapped with a sterile loop and spores were collected. The spore suspension obtained was filtered through cheese cloth. The inoculum concentration was adjusted to 10 6 mL -1
.
Screening of antimicrobial solution in vitro efficacy against early blight causal agent
To assess the mycelial growth inhibition of Alternaria sp. caused by the antimicrobial solution prepared, the radial growth assay (or poisoned food method) was used as described earlier .
Bravo, commercial fungicide, was used as the positive control in the in vitro tests. Control treatment was considered the Petri dish without adding fungicide or plant extract. The Petri dishes were incubated for 7 days at 20 ± 2 °C. The mycelial growth was measured as mean of two perpendicular diameters. The efficacy of the treatment was determined as percentage of the growth inhibition of the mycelium relative to the control treatment, (I) and was calculated according to the following formula: I (%) = (1-Dt / Dc)*100 (%), where, Dc = average diameter of the negative control, Dt = average diameter of the treated cultures or the positive control.
Detached leaves assay
The tomato leaves used in experiments were taken from seedlings grown in greenhouse under controlled conditions, in sterilized soil. For the collection of leaves, healthy plants, untreated with synthetic fungicides, from 8 to 9 weeks old were used. Counting from the top of the plant, it was detached from the stem, third to fifth composite leaf and was used in tests within 2 hours from the harvesting moment. Single leaves were placed with the abaxial side upwards on water agar (15 g/L agar) in Petri dishes.
From this moment two different strategies were performed as follows:
Treatment before inoculation The detached leaves were treated with the antimicrobial formula previously used in the preliminary antimicrobial tests, performed in vitro, in Petri dishes, on growth medium. The working solutions were brought to a final concentration of 15 % (S1) and 10 % (S2).
The treatment was applied to 10 leaflets by spraying the solution onto the upper surface of the leaf. Positive control was Bravo solution at a concentration of 0.2 %. This fungicide is commonly used in horticultural practices to prevent infection of Alternaria spp. on tomato, potato and eggplant crops. The negative control was a sterile distilled water solution.
Treatment after inoculation. Basically, this strategy follows the same protocol as the first one. The leaves were first inoculated and then treated with antimicrobial formula (S3 and S4) or control solutions. Positive control was Otriva solution, a fungicide applied to stop the development of early blight in horticultural crops.
The sealed Petri dishes were kept in a controlled environment for 7 days (20 °C, 16 h light period). After one week, the disease development was observed and the severity of symptoms caused by infection with Alternaria sp. was evaluated on an adapted scale previously described by Akhtar et al, 2012. The intensity of disease is following an evaluation score chart from 0 -5 (0 = no visible signs of disease -0 %, 1 = few lesion spots -10 %, 2 = about 25 % of the total leaf area is infected, 3 = about 50% of the total leaf area is blighted, 4 = about 75 % of the total leaf area is affected, 5 = the leaves are necrotic, dehydrated, covered by injuries on more than 75 % of their surface).
Results and discussions
According to the bibliographical study and to previous investigations of the authors on the use of plant extracts with antimicrobial activity on plant pathogens, in the first part of the experiments were used three different concentrations of the plant extract in the growth medium. Although the response of the fungal pathogen to each concentration was different over the control, generally growth inhibition increased with the concentration, on the tested range. Thus, on a concentration of 10 % (T3) in the growth medium, was found that the antimicrobial formula presented fungistatic activity. Lowering the concentration to 5 % (T2) it could be observed that although the mycelium growth debuted in the same day with the untreated control, it had a considerable backlog. On the seventh day after inoculation, on the treated plate (5 %) the mycelium diameter reached 20 mm while the untreated control Taking into account these results, it was decided to continue with evaluation of the antimicrobial formula effect against Alternaria sp., with the concentration starting from minimum 10 % (T3), which inhibited the mycelium growth by 74.16 % (Fig. 1) .
For the evaluation of the plant response, the infestation of tomato leaves with Alternaria sp. was performed following a method previously The detached leaves test is a generally accepted experimental model, being a technique commonly used to assess the resistance of plant pathogens to different products or plant varieties under laboratory conditions. The detached leaves test proved to be a practical solution because of its simplicity, which can substantially reduce both the costs and duration of a screening program as previously reported by other authors (Irzhansky et al., 2006; Nelson, 2006) . S1 (15 % concentration) and S2 (10 % concentration) and Bravo (Syngenta) were tested before inoculation, and S3 (15% concentration), S4 (10 % concentration) and Ortiva (Syngenta) after inoculation.
As can be seen in Fig. 2 , treatment as a preventive measure prior to inoculation resulted in a better management of infection caused by Alternaria spp. Although the results obtained with the antimicrobial formula after inoculation were slightly better than untreated control, it can not be said that this formula represents a viable alternative to the fungicide tested. In future experiments, an optimization of the formula will be considered, when applying the solution as a treatment for the already installed disease.
Early blight is an economically important foliar fungal disease of Solanaceae crops, representing, the most common disease of the cultivated tomato in areas with frequent rainfall and high humidity. The necrotrophic nature of this plant pathogen can lead to complete defoliation of tomato plants and subsequent yield reductions. Various Solanaceae species can serve as alternate host for overwintering of the pathogen (Panthee et al. 2010) , and it would be useful to find a new, innovative solution for the management and control of this disease.
Hops (Humulus lupulus) is perennial plant whose female inflorescences are well-known as bittering agents in the brewing industry. Hop cones, presenting a high content of polyphenolic compounds and acyl phloroglucides, have been used for various medical purposes (sleep disturbances, anxiety, excitability, acne, dysmenorrhea) over the time. Other authors studied the hops extracts for the determination of its polyphenols, essential oils and resin content and for the DPPH scavenging activity (Arsene et al., 2015) . Ethanolic extract from Humulus lupulus inflorescences showed antioxidant activity in a dose-dependent manner. Moreover, the hops extract exhibited antifungal activities against 
Conclusions
The results obtained have potential practical applicability and are directed to the development of environmentally viable solutions for the design of bioproducts for plant protection. The mixed antimicrobial formula was obtained from an original combination of plant material (hops and nettle), with antifungal effects already proven against phytopathogens. Optimizing this formula can lead to the establishment of a plant-friendly bioproduct recipe for farmers who want to implement environmentally friendly solutions in line with European requirements.
Better knowledge on this topic will help optimizing crop protection strategy and ensuring sustainable agricultural development.
